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A BS TR AC T

Background

Ischemic mitral regurgitation is associated with increased mortality and morbidity. 
For surgical patients with moderate regurgitation, the benefits of adding mitral-
valve repair to coronary-artery bypass grafting (CABG) are uncertain.
Methods

We randomly assigned 301 patients with moderate ischemic mitral regurgitation to 
CABG alone or CABG plus mitral-valve repair (combined procedure). The primary end 
point was the left ventricular end-systolic volume index (LVESVI), a measure of left 
ventricular remodeling, at 1 year. This end point was assessed with the use of a 
Wilcoxon rank-sum test in which deaths were categorized as the lowest LVESVI rank.
Results

At 1 year, the mean LVESVI among surviving patients was 46.1±22.4 ml per square 
meter of body-surface area in the CABG-alone group and 49.6±31.5 ml per square meter 
in the combined-procedure group (mean change from baseline, −9.4 and −9.3 ml per 
square meter, respectively). The rate of death was 6.7% in the combined-procedure 
group and 7.3% in the CABG-alone group (hazard ratio with mitral-valve repair, 0.90; 
95% confidence interval, 0.38 to 2.12; P = 0.81). The rank-based assessment of LVESVI 
at 1 year (incorporating deaths) showed no significant between-group difference 
(z score, 0.50; P = 0.61). The addition of mitral-valve repair was associated with a longer 
bypass time (P<0.001), a longer hospital stay after surgery (P = 0.002), and more neuro-
logic events (P = 0.03). Moderate or severe mitral regurgitation was less common in the 
combined-procedure group than in the CABG-alone group (11.2% vs. 31.0%, P<0.001). 
There were no significant between-group differences in major adverse cardiac or cere-
brovascular events, deaths, readmissions, functional status, or quality of life at 1 year.
Conclusions

In patients with moderate ischemic mitral regurgitation, the addition of mitral-valve 
repair to CABG did not result in a higher degree of left ventricular reverse remodeling. 
Mitral-valve repair was associated with a reduced prevalence of moderate or severe mitral 
regurgitation but an increased number of untoward events. Thus, at 1 year, this trial did 
not show a clinically meaningful advantage of adding mitral-valve repair to CABG. 
Longer-term follow-up may determine whether the lower prevalence of mitral regurgi-
tation translates into a net clinical benefit. (Funded by the National Institutes of Health 
and the Canadian Institutes of Health Research; ClinicalTrials.gov number, NCT00806988.)
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Each year, approximately 1 million 
Americans have a myocardial infarction, 
and nearly 8 million Americans have a his-

tory of myocardial infarction.1 Ischemic mitral re-
gurgitation, which results from functional-valve 
incompetence due to myocardial injury and ad-
verse left ventricular remodeling, develops in ap-
proximately 50% of patients after an infarction, 
and moderate regurgitation occurs in more than 
10% of patients.2-4 Ischemic mitral regurgitation 
is associated with excess mortality regardless of 
management.5,6 The valve leaflets and chordal 
structures in affected patients are “innocent by-
standers”; mitral regurgitation results from pap-
illary muscle displacement, leaflet tethering, re-
duced closing forces, and annular dilatation.7-10 
Many patients with ischemic mitral regurgitation 
require surgical revascularization for multivessel 
coronary artery disease, at which time surgeons 
often consider concomitant mitral-valve repair.

Although ischemic mitral regurgitation in pa-
tients undergoing coronary-artery bypass grafting 
(CABG) is associated with adverse outcomes,4,11-14 
the benefits of adding mitral-valve repair are 
uncertain. Proponents of CABG alone for the 
treatment of moderate ischemic mitral regurgi-
tation argue that revascularization may improve 
regional left ventricular function and reduce the 
left ventricular chamber size, thereby restoring 
the functional integrity of the subchordal mitral-
valve apparatus.15-17 Advocates for mitral-valve 
repair in addition to CABG cite the adverse con-
sequences of persistent ischemic mitral regurgi-
tation and further argue that in patients with 
reduced left ventricular function, mitral-valve re-
pair may prevent progressive adverse remodeling, 
improve cardiac function, and reduce the risk of 
heart failure.18,19

Operative mortality associated with either 
procedure has declined steadily during the past 
5 years, but the open heart exposure and longer 
durations of aortic cross-clamping and cardio-
pulmonary bypass that are associated with mi-
tral-valve repair increase perioperative risk.20,21 
Thus, the addition of mitral-valve repair to CABG 
remains controversial. This controversy is based 
in part on the lack of data from rigorous trials 
that could help determine whether the potential 
benefits of mitral-valve repair outweigh the in-
creased risks of the combined procedure.

Me thods

TRIAL DESIGN AND OVERSIGHT

The design of this trial, which was conducted at 
26 centers in the Cardiothoracic Surgical Trials 
Network, has been published previously.22 A co-
ordinating center, an independent adjudication 
committee, and a data and safety monitoring 
board that was appointed by the National Insti-
tutes of Health oversaw trial progress. The insti-
tutional review board at each participating center 
approved the protocol, which is available with the 
full text of this article at NEJM.org. All the au-
thors vouch for the fidelity of this report to the 
protocol. All the patients provided written informed 
consent.

PATIENTS AND INTERVENTIONS

Adults with multivessel coronary artery disease 
and moderate ischemic mitral regurgitation were 
eligible for enrollment in the study. The severity 
of ischemic mitral regurgitation was assessed by 
means of transthoracic echocardiography per-
formed by local echocardiographers using inte-
grative criteria and was confirmed by an indepen-
dent core laboratory. Moderate ischemic mitral 
regurgitation was defined by the presence of at 
least two of three criteria recommended by the 
American Society of Echocardiography: an effective 
regurgitant orifice area of 0.2 to less than 0.4 cm2, 
a vena contracta width of 3 to less than 7 mm, and 
a ratio of the mitral regurgitant jet area to the left 
atrial area of 20% to less than 40%.23 Supportive 
criteria included the chamber size, the eccentric-
ity of the jet, the E-wave height, and the pulmo-
nary-vein Doppler flow pattern. Qualifying trans-
thoracic echocardiography was performed before 
surgery. Detailed eligibility criteria have been 
reported previously.22

Intraoperative transesophageal echocardiog-
raphy was performed to confirm the absence of 
a mitral-valve structural abnormality and the abil-
ity to establish cardiopulmonary bypass safely. 
Patients were then randomly assigned to under-
go CABG alone or CABG plus mitral-valve repair 
(combined procedure). Randomization was strati-
fied according to center and performed in blocks, 
with a 1:1 ratio of treatment assignments.

The protocol mandated the use of a rigid or 
semirigid complete annuloplasty ring in patients 
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undergoing mitral-valve repair, unless the ring was 
contraindicated intraoperatively. Ring sizing was 
based on the size of the anterior leaflet or on the 
intercommissural or intertrigonal distance, and 
the ring was downsized by two sizes when possible 
to correct for annular dilatation. The specific ring 
type, implantation technique, and myocardial-
preservation method were at the surgeon’s dis-
cretion. CABG was performed with the use of 
standard techniques and was supported by cardio-
pulmonary bypass. All patients were to receive 
guideline-directed medical therapy by their treat-
ing physicians.

END POINTS

Patients were evaluated for end points at 6 and 12 
months; 24-month follow-up is ongoing. Investi-
gators were unaware of end-point data. The pri-
mary end point of the trial was the degree of left 
ventricular reverse remodeling at 12 months, as 
measured by means of the left ventricular end-
systolic volume index (LVESVI) on the basis of 
transthoracic echocardiography. Site echocar-
diographers were trained extensively in left ven-
tricular measurement, including the use of con-
trast agents for endocardial-border delineation, 
when necessary. Secondary end points included a 
composite of major adverse cardiac or cerebro-
vascular events (death, stroke, subsequent mitral-
valve surgery, hospitalization for heart failure, or 
an increase of one or more classes in the New 
York Heart Association [NYHA] classification), 
mortality, serious adverse events, degree of re-
sidual mitral regurgitation, functional status (ac-
cording to the NYHA and Canadian Cardiovascu-
lar Society classifications), quality of life (as 
assessed by means of the Minnesota Living with 
Heart Failure questionnaire and the physical and 
mental subscales of the Medical Outcomes Study 
12-Item Short Form Health Survey [SF-12], and 
the EuroQoL Group 5-Dimension Self-Report Ques-
tionnaire), and rehospitalization.

STATISTICAL ANALYSIS

We assumed a baseline mean LVESVI of 80 ml 
per square meter of body-surface area, a stan-
dard deviation of 35 ml per square meter for 
baseline and 1-year LVESVI in both treatment 
groups, and improvements of 4 ml per square me-
ter in the CABG-alone group and 16 ml per square 
meter in the combined-procedure group.9,19 Given 

these assumptions, we calculated that enroll-
ment of 300 patients would provide 90% power 
to detect a difference of 12 ml per square meter 
in the LVESVI between groups. We planned one 
interim analysis using a group-sequential moni-
toring procedure with a Lan–DeMets stopping 
boundary and O’Brien–Fleming spending func-
tion.24,25 The primary null hypothesis was that 
there would be no significant between-group dif-
ference in the LVESVI at 12 months. We tested 
this hypothesis in an intention-to-treat analysis 
using a two-tailed Wilcoxon rank-sum test, at a 
0.05 alpha level. This analysis accommodated 
missing LVESVI outcomes owing to death by as-
signing deceased patients the worst ranks in or-
der according to the time of death. In the case of 
data that were missing for reasons other than 
death, we used multiple imputation to calculate 
the 12-month LVESVI on the assumption that the 
data were missing at random. We used the Hodges–
Lehmann estimator to quantify between-group 
differences in the reduction of the LVESVI from 
baseline. Sensitivity analyses for the LVESVI as-
sessed the robustness of findings with respect to 
protocol deviations, missing data, and deaths.

Rates of major adverse cardiac or cerebrovas-
cular events and death from any cause were 
compared between groups with the use of the 
log-rank test; hazard ratios from Cox regression 
models were used to quantify relative risks. 
Between-group differences in rates of adverse 
events were tested with the use of Poisson re-
gression, differences in functional status were 
assessed with the use of chi-square tests, and 
differences in quality-of-life scores were as-
sessed with the use of t-tests.

R esult s

PATIENTS

Between 2009 and 2013, a total of 725 patients 
were deemed to be eligible for the study, and 301 
underwent randomization (151 to CABG alone 
and 150 to CABG plus mitral-valve repair) (Fig. 
S1 in the Supplementary Appendix, available at 
NEJM.org). The two groups had similar baseline 
characteristics, with the exception of atrial fibril-
lation, which was more common in the CABG-
alone group (Table 1). The mean (±SD) LVESVI 
was 54.8±24.9 ml per square meter in the CABG-
alone group and 59.6±25.7 ml per square meter 
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in the combined-procedure group. The echocar-
diography core laboratory confirmed the diagno-
sis of moderate mitral regurgitation in 93% of 
the patients (4% of the patients had severe regur-
gitation, and 3% had mild regurgitation). The 

use of anti-ischemic medications and heart-fail-
ure therapies was similar in the two study groups.

Additional concomitant procedures were per-
formed in 19% of the patients. Investigators 
used complete annuloplasty rings in all patients 

Table 1. Baseline and Operative Characteristics of the Patients.*

Characteristic
CABG Alone

(N = 151)

CABG plus  
Mitral-Valve Repair 

(N = 150)

Male sex — no. (%)   99 (65.6) 106 (70.7)

Age — yr 65.2±11.3 64.3±9.6

White race — no. (%)† 122 (80.8) 115 (76.7)

Hispanic ethnic group — no. (%)† 14 (9.3) 12 (8.0)

Medical and surgical history — no./total no. (%)

Diabetes 66/151 (43.7) 76/150 (50.7)

Renal insufficiency 28/150 (18.7) 24/150 (16.0)

Previous CABG 4/143 (2.8) 4/144 (2.8)

Previous PCI 24/151 (15.9) 26/150 (17.3)

Heart failure 76/151 (50.3) 82/150 (54.7)

Myocardial infarction 97/151 (64.2) 103/150 (68.7)

Atrial fibrillation 35/150 (23.3) 19/149 (12.8)

Implantable cardioverter–defibrillator 6/151 (4.0) 6/150 (4.0)

Stroke 9/151 (6.0) 15/150 (10.0)

Left ventricular end-systolic volume index — ml/m2 54.8±24.9 59.6±25.7

Left ventricular ejection fraction — % 41.2±11.6 39.3±10.9

Effective regurgitant orifice area — cm2 0.2±0.1 0.2±0.1

Grade on CCS angina scale — no./total no. (%)‡

No angina 45/150 (30.0) 50/149 (33.6)

Class III or IV 51/150 (34.0) 46/149 (30.9)

NYHA class III or IV — no. (%)§   67 (44.4) 55 (36.7)

Minnesota Living with Heart Failure score¶ 43.0±27.2 40.4±27.5

Concomitant procedure — no. (%)

Management of left atrial appendage‖   8 (5.3) 12 (8.0)

Atrial maze procedure 10 (6.6) 11 (7.3)

No. of grafts   3.3±0.9 3.2±0.9

Duration of aortic cross-clamping — min   74.7±36.7 117.2±35.4

Duration of cardiopulmonary bypass — min 106.8±49.7 163.1±54.9

*	Plus–minus values are means ± SD. There were no significant differences in baseline and operative characteristics be-
tween the study groups except for atrial fibrillation (P = 0.02), duration of aortic cross-clamping (P<0.001), and duration 
of cardiopulmonary bypass (P<0.001). CABG denotes coronary-artery bypass grafting, and PCI percutaneous coronary 
intervention.

†	Race and ethnic group were self-reported.
‡	In the Canadian Cardiovascular Society (CCS) classification of angina, grade III indicates marked limitation of ordinary 

physical activity, with an ability to walk one or two blocks on the level and to climb one flight of stairs in normal condi-
tions and at a normal pace; grade IV indicates an inability to carry on any physical activity without discomfort, with an-
gina at rest in some cases.

§	New York Heart Association (NYHA) classes range from I to IV, with higher classes indicating worse condition.
¶	Scores on the Minnesota Living with Heart Failure questionnaire range from 0 to 105, with higher scores indicating 

worse condition.
‖	These procedures involved closure or ligation of the left atrial appendage.
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undergoing mitral-valve repair, with an average 
ring size of 28.3±2.2 mm for men and 27.1±1.8 mm 
for women. The durations of cardiopulmonary 
bypass and aortic cross-clamping were signifi-
cantly longer in the combined-procedure group 
than in the CABG-alone group (Table 1). Eight 
patients assigned to CABG alone underwent 
CABG with mitral-valve repair, and three pa-
tients assigned to CABG with mitral-valve repair 
underwent CABG alone. The most common 
reason for crossover to mitral-valve repair was 

an increase in the severity of mitral regurgita-
tion on intraoperative transesophageal echocar-
diography. The most common reason for cross-
over to CABG alone was the surgeon’s concern 
about the risk associated with valve repair.

LEFT VENTRICULAR DIMENSION AND RESIDUAL 
MITRAL REGURGITATION

At 12 months, the mean LVESVI among surviving 
patients was 46.1±22.4 ml per square meter in 
the CABG-alone group and 49.6±31.5 ml per square 
meter in the combined-procedure group (mean 
change from baseline, −9.4 and −9.3 ml per square 
meter, respectively). The rate of death was 6.7% 
in the combined-procedure group and 7.3% in 
the CABG-alone group (hazard ratio with mitral-
valve repair, 0.90; 95% confidence interval [CI], 
0.38 to 2.12; P = 0.81). The rank-based assessment 
of LVESVI at 12 months (incorporating deaths) 
showed no significant difference between treat-
ment groups (z score, 0.50; P = 0.61). The mean 
left ventricular ejection fraction at 12 months 
was 45.1±10.2% in the CABG-alone group and 
43.9±11.2% in the combined-procedure group.

The proportion of surviving patients with re-
sidual mitral regurgitation (moderate or severe) 
at 12 months was significantly higher in the 
CABG-alone group than in the combined-proce-
dure group (31.0% [moderate, 25.9%; severe, 5.2%] 
vs. 11.2% [moderate, 10.4%; severe, 0.8%]; P<0.001). 
Within 1 year, two patients, both of whom were in 
the combined-procedure group, underwent mi-
tral-valve reoperation, and none of the patients 
in the CABG-alone group underwent subsequent 
mitral-valve surgery (P = 0.25 for the between-
group comparison).

CARDIAC OR CEREBROVASCULAR EVENTS AND DEATH

At 12 months, there was no significant between-
group difference with respect to the composite 
end point of major adverse cardiac or cerebrovas-
cular events (hazard ratio, 0.99; 95% CI, 0.62 to 
1.59; P = 0.97) (Fig. 1A) or any of its individual 
components (Table 2). The 30-day rate of death 
did not differ significantly between treatment 
groups (2.7% in the CABG-alone group and 1.3% 
in the combined-procedure group, P = 0.68). At 
12 months, we observed no significant difference 
in cumulative mortality between treatment groups 
(Fig. 1B). Overall, the most frequent causes of death 
were heart failure (accounting for 23.8% of deaths), 
sepsis (14.3%), and respiratory failure (9.5%).
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Figure 1. Time-to-Event Curves for the Composite End Point of Cardiac  
or Cerebrovascular Events and Death, According to Treatment Group.

The composite end point of major adverse cardiac or cerebrovascular 
events included death, stroke, subsequent mitral-valve (MV) surgery, hos-
pitalization for heart failure, and an increase of one or more classes in the 
New York Heart Association (NYHA) classification. Crosses indicate cen-
soring of data at the indicated time point. CABG denotes coronary-artery 
bypass surgery.
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ADVERSE EVENTS AND HOSPITALIZATION

The number of serious adverse events was similar 
in the two treatment groups at 1 year (185 events in 
the combined-procedure group and 153 events in 
the CABG-alone group, P = 0.15). However, the 
rate of serious neurologic adverse events, includ-

ing stroke, transient ischemic attack, and meta-
bolic encephalopathy, was significantly higher in 
the combined-procedure group (P = 0.03), as was 
the rate of supraventricular arrhythmias (P = 0.03) 
(Table 2). The duration of the index hospitaliza-
tion was similar in the CABG-alone and com-

Table 2. Clinical End Points, Serious Adverse Events, and Hospitalizations at 1 Year.

End Point or Event
CABG Alone 

(N = 151)

CABG plus  
Mitral-Valve Repair 

(N = 150) P Value

no. of patients (%)

Clinical end points

Death 11 (7.3) 10 (6.7) 0.83

Stroke 2 (1.3) 6 (4.0) 0.17

Increase of one or more classes in NYHA classification 9 (6.0) 12 (8.0) 0.49

Rehospitalization for heart failure 20 (13.2) 22 (14.7) 0.72

Mitral-valve reoperation 0 2 (1.3) 0.25

Composite end point* 38 (25.2) 38 (25.3) 0.97

no. of events (no./100 patient-yr)

Serious adverse events

Any 153 (117.0) 185 (137.1) 0.15

Heart failure 30 (22.9) 31 (23.0) 1.00

Neurologic event†

Any 4 (3.1) 13 (9.6) 0.03

Stroke 2 (1.5) 7 (5.2) 0.10

Myocardial infarction

Nonperioperative 1 (0.8) 1 (0.7) 0.98

Perioperative 1 (0.8) 0 0.32

Renal failure 4 (3.1) 5 (3.7) 0.77

Bleeding 4 (3.1) 2 (1.5) 0.40

Arrhythmia

Supraventricular 11 (8.4) 24 (17.8) 0.03

Ventricular 5 (3.8) 2 (1.5) 0.24

Localized infection 16 (12.2) 16 (11.9) 0.93

Sepsis 6 (4.6) 8 (5.9) 0.63

Respiratory failure 8 (6.1) 8 (5.9) 0.95

Hospitalization

Any rehospitalization 90 (71.6) 88 (68.5) 0.76

Readmission for cardiovascular causes 53 (42.2) 46 (35.8) 0.42

*	The composite end point of major cardiac or cerebrovascular adverse events included death, stroke, hospitalization for 
heart failure, worsening heart failure, mitral-valve reintervention, and an increase of one or more classes in the NYHA 
classification.

†	In the group assigned to CABG alone, there were two cases of stroke, one case of transient ischemic attack, and one 
case of seizure-related disorder. In the group assigned to CABG with mitral-valve repair, there were seven cases of 
stroke, three cases of toxic metabolic encephalopathy, two cases of seizure-related disorder, and one case of a dural-
based mass.
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bined-procedure groups (mean, 14.2±7.7 days and 
15.2±9.5 days, respectively; P = 0.47; and median, 
13 days in each group). However, the mean length 
of stay after surgery was shorter with CABG 
alone than with the combined procedure (9.4±5.9 
days vs. 11.3±8.2 days, P = 0.002), as was the mean 
length of stay in the intensive care unit (ICU) 
(4.0±5.7 days vs. 4.8±6.1 days, P = 0.006). There 
were no significant differences in rates of re
admission between the two groups.

QUALITY OF LIFE

There was no significant difference between 
treatment groups with respect to any measure of 
quality of life or functional status among surviv-
ing patients at 12 months (Table 3). As measured 
by the score on the Minnesota Living with Heart 
Failure questionnaire, there was a median reduc-
tion from baseline in heart-failure symptoms of 

44.8% in the CABG-only group and 48.1% in the 
combined-procedure group. Similarly, as mea-
sured by the score on the SF-12 physical subscale, 
there was improvement over baseline in physical 
health of 12.0% in the CABG-alone group and 
14.3% in the combined-procedure group. Figure 2 
shows the NYHA class and mortality over time.

Discussion

Moderate ischemic mitral regurgitation is com-
mon among patients referred for surgical revas-
cularization, especially after a myocardial infarc-
tion. The preferred treatment strategy for these 
patients has not been established. There are 
many observational studies supporting the ben-
efits of adding mitral-valve repair to CABG,19,26,27 
many refuting the benefits,5,28-30 and several with 
neutral findings.31,32 Moreover, recent guidelines 

Table 3. Quality of Life and Functional Status of Patients at 1 Year.*

Measure CABG Alone
CABG plus  

Mitral-Valve Repair P Value

SF-12†

Physical function 0.65

Patients evaluated — no./total no. (%) 111/132 (84.1) 119/137 (86.9)

Score 43.1±9.0 43.7±8.7

Mental function 0.99

Patients evaluated — no./total no. (%) 111/132 (84.1) 119/137 (86.9)

Score 47.3±6.6 47.3±6.6

Minnesota Living with Heart Failure questionnaire 0.16

Patients evaluated — no./total no. (%) 113/132 (85.6) 120/137 (87.6)

Score 23.7±23.6 19.7±19.6

EQ-5D‡ 0.93

Patients evaluated — no./total no. (%) 107/132 (81.1) 112/137 (81.8)

Score 75.7±17.8 75.5±18.0

NYHA class — no./total no. (%) 0.52

Patients evaluated 117/132 (88.6) 127/137 (92.7)

Class III or IV 12/117 (10.3) 10/127 (7.9)

CCS classification — no./total no. (%) 0.23

Patients evaluated 116/132 (87.9) 124/137 (90.5)

Class III or IV 2/116 (1.7) 0/124

*	Plus–minus values are means ±SD.
†	Scores on the Medical Outcomes Study 12-Item Short Form Health Survey (SF-12) range from 0 to 100, with higher scores 

indicating a better outcome.
‡	Scores on the EuroQoL Group 5-Dimension Self-Report Questionnaire (EQ-5D) range from 0 to 100, with higher scores 

indicating a better quality of life.
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state that concomitant mitral-valve repair may be 
beneficial but that the evidence is inconclu-
sive.33,34 This trial evaluated the efficacy and 
safety of adding mitral-valve repair to CABG for 
patients with moderate ischemic mitral regurgi-
tation.

Left ventricular remodeling, as measured by 
means of the LVESVI (the primary end point in 
our trial), is a predictor of a poor prognosis for 
patients with ischemic myocardial disease, and 
therapeutic efforts to reverse adverse remodeling 
have been associated with improved outcomes.35 
Significant reductions in the LVESVI were observed 
in both groups in our trial, although there was 
no significant between-group difference. More-
over, we found that 69% of patients in the CABG-
alone group had no mitral regurgitation or mild 
regurgitation at 1 year, as compared with 89% of 
patients in the combined-procedure group. These 
findings suggest that there was substantial re-
versible ischemia in both groups that was allevi-
ated by revascularization. A reduction in the 
degree of mitral regurgitation with CABG alone 
has been reported previously.14,28,30,31

The addition of mitral-valve repair to CABG 
resulted in longer durations of cardiopulmonary 
bypass and aortic cross-clamping and longer stays 
after surgery and in the ICU. The longer bypass 
time and more complicated surgery, including the 
obligatory cardiotomy to perform mitral-valve 
repair, increase the risk of embolization and 
may explain the increased rate of serious neuro-
logic events in the combined-procedure group. 
In addition, patients in the combined-procedure 
group had more supraventricular arrhythmias, 
which may be related to the atrial incision re-
quired for exposure of the mitral valve. Despite 
the higher proportion of patients with moderate 
or severe mitral regurgitation at 1 year in the 
CABG-alone group, 1-year clinical outcomes, in-
cluding functional status, quality of life, mortal-
ity, need for mitral-valve reoperation, and major 
adverse cardiac or cerebrovascular events, did 
not differ significantly between the two groups. 
Longer-term clinical and echocardiographic fol-
low-up is ongoing.

Our results differ from those of two small, 
randomized trials involving patients with mod-
erate ischemic mitral regurgitation. Fattouch 
and colleagues randomly assigned 102 patients to 
CABG alone or CABG with mitral-valve repair and 
followed the patients for an average of 32 months.36 

They reported that left ventricular reverse re-
modeling, the qualitative degree of mitral regur-
gitation, and NYHA functional class improved 
with CABG plus mitral-valve repair as compared 
with CABG alone. The Randomized Ischemic 
Mitral Evaluation (RIME) trial randomly assigned 
73 patients to CABG alone or CABG plus mitral-
valve repair.37 The trial was terminated early 
owing to slow enrollment but did show benefits 
with respect to peak oxygen consumption (the 
primary end point), regurgitant volume, plasma 
B-type natriuretic peptide levels, and the LVESVI 
in patients assigned to CABG with mitral-valve 
repair as compared with those assigned to 
CABG alone. The combined-procedure group 
had a higher rate of balloon-pump use and re-
operation for bleeding. In contrast, our study 
showed similar 1-year outcomes for the two 
treatment groups with respect to the LVESI, 
NYHA class, and quality of life. These differ-
ences in outcome between our study and the two 
previous studies may in part reflect differences 
in end points assessed, methods of classifying 
mitral regurgitation, the duration of mitral regur-
gitation from initial diagnosis to trial enrollment, 
and rates of prior myocardial infarction.

Our trial, like others published to date, was 
not powered to detect small but important dif-
ferences in survival. A recent large cohort study 
involving patients with clinically significant cor-
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onary artery disease and moderate or severe ischemic mitral regurgitation who were treated with a 
range of methods showed a survival advantage for all forms of revascularization (with or without 
mitral-valve surgery) as compared with initial medical management, which was associated with a 
5-year survival rate of 52%.5 CABG alone resulted in the largest survival advantage.

Our study participants had lower baseline LVESVI values than we had anticipated, a finding that 
reflects variation in left ventricular size and severity of mitral regurgitation, as well as inconsistent 
methods used to assess the severity of mitral regurgitation in previous studies. Although the baseline 
LVESVI was lower than assumed, so too was its variability, with the statistical power for the study 
remaining at 90%. Moreover, although we observed larger absolute improvement in patients with 
a higher baseline LVESVI, the amount of improvement was similar in the two study groups — that 
is, the baseline LVESVI did not affect the relative benefit of treatment. All the patients enrolled in 
this trial had ischemic mitral regurgitation; in more than 90% of patients, the regurgitation was 
moderate in degree.

This study has several limitations. First, the primary end point was an echocardiographic mea-
sure of left ventricular remodeling, not a clinical outcome. A randomized trial with the power to 
detect a difference in clinical end points would have required thousands of patients and exceeded 
our capacity for timely enrollment. Our choice of the LVESVI as the primary end point was driven 
by strong evidence correlating the LVESVI with clinical outcomes, including the NYHA class and 
rates of hospitalization and survival.38-41 A risk of using intermediate end points is that they may be 
inconsistent with clinical end points, raising interpretation issues; however, in our trial, the find-
ings with respect to mortality and the composite end point of cardiac or cerebrovascular events 
corroborated the LVESVI findings. Second, in everyday practice the surgical decision to repair the 
mitral valve may be influenced by the results of intraoperative transesophageal echocardiography. In 
our trial, randomization was based solely on the results of preoperative transthoracic echocardiogra-
phy, with no adjustment for intravascular volumes and vascular resistance. The reliance on preop-
erative transthoracic echocardiography may have affected the generalizability of our results. Fi-
nally, we report here on a relatively short follow-up period of 12 months. Follow-up will continue 
for 24 months, during which time differences in the durability of improvement in mitral regurgita-
tion and any associated effects on clinical outcomes might become apparent.

In conclusion, we found that in patients with moderate ischemic mitral regurgitation who were 
referred for CABG, the addition of mitral-valve repair to CABG, as compared with CABG alone, was 
not associated with greater improvement in the LVESVI at 1 year after surgery. There were also no 
significant between-group differences in mortality, the composite end point of cardiac or cerebro-
vascular events, readmissions, or quality of life. The proportion of patients with residual mitral 
regurgitation of at least moderate severity was significantly lower with the addition of mitral-valve 
repair; however, patients undergoing repair had more neurologic events than patients undergoing 
CABG alone. At 1 year, this trial did not show a clinically meaningful advantage of adding mitral-
valve repair to CABG. Longer-term follow-up may determine whether the observed difference in the 
prevalence of moderate or severe mitral regurgitation at 1 year will translate into a net clinical 
benefit for patients undergoing repair.
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